In an ongoing attempt to analyse the diversity of culturable micro-organisms from oil-contaminated soil, two yellow-pigmented, Gram-negative, halophilic bacterial strains (SM16 T and SM117 T )
were isolated. These two strains were characterized using a polyphasic approach. Strains SM16 T and SM117 T showed a range of phenotypic and chemotaxonomic properties that were consistent with those of members of the genus Novosphingobium. Both strains contained sphingoglycolipids, thus confirming that they belong to the Alphaproteobacteria. Furthermore, the polar lipid profile consisted of phosphatidylglycerol, phosphatidyldimethylethanolamine and phosphatidylethanolamine, with minor amounts of phosphatidyldimethylethanolamine, phosphatidylcholine and phosphatidylmonomethylethanolamine. Spermidine was the major polyamine in the cell wall, a characteristic feature of members of the genus Novosphingobium. Fatty acid analysis revealed the presence of C 18 : 1 v7c, C 16 : 0 and C 14 : 0 2-OH in both isolates, a characteristic feature of sphingomonads. 16S rRNA gene sequence similarities with the type strains of the most closely related species of the genus Novosphingobium (Novosphingobium pentaromativorans and Novosphingobium resinovorum) were less than 98. The genus Sphingomonas was proposed by Yabuuchi et al. (1990) and comprises yellow-pigmented, Gram-negative, strictly aerobic, rod-shaped bacteria that contain sphingoglycolipids in their cell wall. Based on a refined phylogenetic, chemotaxonomic and physiological analysis, the former sphingomonads have now been divided into five genera: Sphingomonas, Sphingobium, Novosphingobium, Sphingopyxis and Sphingosinicella (Takeuchi et al., 2001; Maruyama et al., 2006) . Yabuuchi et al. (2002) argued against creation of the genus Novosphingobium based on a lack of phenotypic data. However, on the basis of phylogenetic and chemotaxonomic studies, Kämpfer et al. (2002 ), Fuji et al. (2000 , Sohn et al. (2004) , Tiirola et al. (2005) and Liu et al. (2005) have endorsed the proposal of Takeuchi et al. (2001) , which clearly separated the genus Novosphingobium from the genus Sphingomonas sensu stricto. By and large, this classification has been accepted (Tiirola et al. 2005; Maruyama et al., 2006) . Of the five sphingomonad-containing genera, the genus Novosphingobium is represented currently by the following species: Novosphingobium aromaticivorans (Balkwill et al., 1997) , N. capsulatum (Leifson, 1962; Yabuuchi et al., 1990) , N. hassiacum (Kämpfer et al., 2002) , N. lentum (Tiirola et al., 2005) , N. pentaromativorans (Sohn et al., 2004) , N. rosa (Takeuchi et al., 1995) , N. stygium (Balkwill et al., 1997) , N. subterraneum (Balkwill et al., 1997) , N. taihuense (Liu et al., 2005) , N. tardaugens (Fujii et al., 2000) and N. (Lim et al., 2007) . The different species of Novosphingobium have been isolated from diverse habitats and appear to have the potential to degrade different xenobiotics (Liu et al., 2005; Tiirola et al., 2005; Sohn et al., 2004; Lal et al., 2006) . In the present study, two yellowpigmented strains, SM16 T and SM117 T , which appear to represent two novel species of the genus Novosphingobium based on morphological and chemotaxonomic studies, were selectively isolated and studied.
Strains SM16
T and SM117 T were selectively isolated from oil-contaminated soil on minimal salt medium (MSM) containing 200 mg streptomycin ml 21 (Mohn et al., 2006; Vanbroekhoven et al., 2004) . For this purpose, 1 g soil was suspended in 5 ml saline water and the mixture was diluted 10-fold and plated on MSM medium . Yellow colonies were picked up and purified on Luria-Bertani (LB) agar plates (1.0 % tryptone, 0.5 % yeast extract, 0.5 % NaCl, 0.1 % glucose, 1.5 % agar) and cultures were maintained in 40 % glycerol for further study. Routine cultivation was conducted aerobically with LB agar or LB broth at 28 u C. Cell morphology was examined after 72 h incubation at 30 u C by light microscopy (Motic B1 series). The presence or absence of flagella was examined by transmission electron microscopy (Morgagni 269D) using cells from exponentially growing cultures. Cells were negatively stained with 0.5 % uranyl acetate on copper grids and, after air drying, grids were examined by transmission electron microscopy. Gramstaining and spore staining were done using a Himedia kit. Growth at various pH values and NaCl concentrations was investigated on LB plates at 28 u C. Growth at different temperatures was also studied. Catalase activity was determined by bubble production in 3 % (v/v) hydrogen peroxide solution on LB agar. Catalase and oxidase activities and hydrolysis of starch, xanthine, hypoxanthine and Tweens 20 and 80 were determined as described by Cowan & Steel (1965) . Hydrolysis of aesculin and gelatin, urease activity and nitrate reduction were assessed three times as described by Lányí (1987) . H 2 S production was tested as described by Bruns et al. (2001) . Lecithinase activity was determined as described by Kushner (1957) . The DNase test was performed according to methods described by Jeffries et al. (1957) . Degradation of phenanthrene, anthracene and naphthalene was determined according to the protocol described by Kiyohara et al. (1982) . Assimilation of carbohydrates was determined as described by Stanier et al. (1966) .
Microscopic study revealed that strains SM16
T and SM117
T were Gram-negative, non-spore-forming, rodshaped (1.560.6 and 1.460.8 mm, respectively) bacteria. Strain SM16
T was non-flagellated, whereas SM117 T had a single polar flagellum (see Supplementary Fig. S1 , available in IJSEM Online). Strain SM16
T hydrolysed aesculin and allantoin, but strain SM117
T did not. The nitrate reduction test was negative for SM117
T and weakly positive for SM16 T . Utilization of malonate was weak for SM117 T , but negative for SM16
T . Only strain SM117 T was able to grow in 5 % NaCl. Weak growth was observed at pH 5 and 9 for SM16 T , whereas SM117 T did not grow at these pH values. Tests for xanthine and starch hydrolysis, catalase, oxidase, gelatinase, lecithinase, methyl red/Voges-Proskauer, indole production and growth on MacConkey agar were negative for both strains, whereas those for DNase and hydrolysis of Tween 80 and hypoxanthine were positive. The physiological and biochemical characteristics of strains SM16 T and SM117
T were compared with those of other species of the genus Novosphingobium (Table 1) ; the two strains could be distinguished from strains of closely related species of the genus Novosphingobium based on physiological properties. These data indicate that strains SM16 T and SM117
T represent different species of the genus Novosphingobium (Stackebrandt et al., 2002) . The physiological characteristics of strains SM16 T and SM117 T are described in the species descriptions.
Fatty acid methyl ester (FAME) analysis was carried out at the Institute of Microbial Technology (IMTECH), Chandigarh, India, using the following procedure. Two to four loopfuls of the cultures were scraped from the Petri dish (cells grown on trypticase soya broth agar) and subjected to saponification, methylation and extraction using the methods of Miller (1982) and Kuykendall et al. (1988) . FAME mixtures were separated using the Sherlock Identification System (MIDI), consisting of a GC (Agilent 68900) with a flame ionization detector. Identification and comparisons were made using the Aerobe (TBSA50, version 5) database of the Sherlock Microbial Identification System. Polyamines were analysed as described previously (Busse & Auling, 1988; Busse et al., 1997) at IMTECH. Polar lipids were extracted from 100 mg lyophilized cell material using the method of Bligh & Dyer (1959) and separated by twodimensional TLC using 10610 cm silica-gel F 254 plates (Merck). The solvent system chloroform/methanol/water (65 : 24 : 4, by vol.) was used in the first dimension and chloroform/glacial acetic acid/methanol/water (80 : 12 : 15 : 4, by vol.) was used in the second dimension. Individual lipids were detected by using the following spraying reagents: ninhydrin for lipids containing free amino groups (Consden & Gordon, 1948) ; Zinzadze reagent for lipids containing phosphate esters (Dittmer & Lester, 1964) ; Dragendorff reagent for lipids containing quaternary nitrogen compounds (Wagner et al., 1961; Beiss, 1964) ; and a-naphthol for carbohydrate-containing lipids (Jacin & Mishkin, 1965) . Molybdatophosphoric acid was used to detect total lipids (Gunstone & Jacobsberg, 1972) . Aqueous premulin (1 %) solution was also used to detect the total lipid profile. For this purpose, 100 ml 1 % premulin solution was added to 100 ml water and 10 ml acetone and the solution was mixed well. This solution was sprayed on TLC plates and spots were visualized under UV light. Lipids were identified by comparing R f values by using commercially prepared standards (Sigma) and lipid extracted from reference type strains. FAME data revealed that the cell walls of strains SM16
T were dominated by unsaturated and hydroxylated fatty acids. Strains SM16 T and SM117 T contained C 18 : 1 v7c as the dominant unsaturated fatty acid and C 14 : 0 2-OH as the major hydroxylated fatty acid ( Table 2 ). The fatty acid composition of strain SM16
T was C 14 : 0 (0.9 %), C 14 : 0 2-OH (8.5 %), C 15 : 0 2-OH (3.6 %), C 16 : 0 (9.9 %), C 16 : 0 2-OH (3.3 %), iso-C 16 : 0 3-OH (1.0 %), C 17 : 0 (0.7 %), C 17 : 1 v6c (8.5 %), C 17 : 1 v8c (2.0 %), C 18 : 1 v7c (43.7 %), iso-C 18 : 1 H (2.9 %), C 18 : 0 (3.37 %), 11-methyl C 18 : 1 v7c (2.5 %) and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 7.3 %). The fatty acid composition of strain SM117 T was C 14 : 0 (1.9 %), C 14 : 0 2-OH (7.5 %), C 16 : 0 (8.4 %), C 16 : 0 2-OH (3.5 %), C 16 : 1 v5c (3.8 %), C 17 : 1 v6c (1.8 %), C 18 : 1 v5c (1.1 %), C 18 : 1 v7c (57.9 %), iso-C 18 : 1 H (1.1 %), C 18 : 0 (1.6 %) and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 11.5 %). The fatty acid profiles were similar to those of the type strains of N. pentaromativorans, N. resinovorum and others species of the genus Novosphingobium. This indicates that both strains belong to the genus Novosphingobium. Spermidine was the major polyamine in the cell walls of both isolates. Using premulin and molybdatophosphoric acid for detection, the lipid profiles of strains SM16 T and SM117 T were similar. The complex polar lipid profiles of strains SM16
T and SM117 T were obtained ( Supplementary Fig. S2 ) and were similar to those of other species of the genus Novosphingobium. However, differences in the presence of the unknown phospholipid PL Y , phosphoglycolipid PGL Y and glycolipid GL Y , together with differences in the amounts of phosphatidyldimethylethanolamine and phosphatidyletha- 
*Data from Sohn et al. (2004) . For 16S rRNA gene sequencing, a fresh colony of about 2 mm in size was picked up, suspended in 30 ml deionized water and boiled at 95 u C for 10 min. The whole content was centrifuged at 13 000 r.p.m. for 10 min and 10 ml supernatant was diluted 10-fold and used for DNA amplification with an initial denaturation of 5 min for 95 u C, followed by 30 cycles of denaturation for 30 s at 95 u C, annealing for 15 s at 55 u C, and elongation for 90 s at 72 u C. The last step included an extension for 10 min at 72 u C. PCR amplification was carried out using Robocycler 96 (Stratagene). Primers 27F (16S forward primer 59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-TACGGTTACCTTACGACTT-39) were used. The PCR product (about 1.5 kb) was purified using a Qiagen kit according to the instructions of the manufacturer and directly sequenced by the dideoxynucleotide chain-termination method using a DNA sequencer (PRISM 3100; Applied Biosystems) in the Department of Zoology, University of Delhi, Delhi, India. The 16S rRNA gene sequences of closely related species were retrieved from the NCBI (http://www.ncbi.nlm.nig.gov) and RDP (http:// www.rdp.cme.msu.edu/html/) databases. Multiple alignment of the sequences was done with the CLUSTAL_X package (Thompson et al., 1997) . Common gaps from the ends of all the sequences were omitted and the alignment was rechecked manually. A phylogenetic tree was constructed by two methods [neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Nei & Kumar, 2000) ] using the MEGA3 package (Kumar et al., 2004) . Evolutionary distance values for the neighbourjoining method were calculated with the Kimura-2 algorithm (Kimura, 1980) . 16S rRNA gene sequence similarity values were calculated using the program FASTA (Pearson & Lipman, 1988) .
16S rRNA gene sequences of strains SM16 T and SM117 T were aligned with those of other members of the genus Novosphingobium and it was found that the signature nucleotides of strains SM16 T and SM117 T were similar to those of members of the genus Novosphingobium: 52C, 134G, 359G, 593U, 987G, 990U, 1215A and 1218C, as described previously (Takeuchi et al., 2001) . The 16S rRNA gene sequences of strains SM16
T and SM117 T were compared with those of the 10 other species belonging to the genus Novosphingobium and related taxa. A neighbourjoining tree ( Fig. 1) showed that strains SM16 T and SM117 T formed a cluster close to the type strains of N. pentaromativorans and N. resinovorum. The bootstrap value between SM16
T and the type strain of N. resinovorum was 32 %, which is a low level of bootstrap support, indicating low confidence. A similar tree topology was also obtained by the maximum-parsimony method (data not given). The 16S rRNA gene sequence similarity between strains SM16 T and SM117
T was 98.8 %. The highest 16S rRNA gene sequence similarity values of strains SM16
T and SM117 T were observed with N. pentaromativorans US6-1 T (98.1-98.5 %) and N. resinovorum KF1 T (98.1-98.5 %). Analysis of 16S rRNA gene sequences and the phylogenetic tree thus confirm that these two strains represent two novel species of the genus Novosphingobium.
Extraction and purification of genomic DNA from strains SM16
T and SM117 T and related type strains were performed as described by Pal et al. (2005) . DNA-DNA hybridization studies for strains SM16
T and SM117 T were performed using the membrane filter method (Prakash et al., 2007; Tourova & Antonov, 1987) T with the type strains of N. pentaromativorans and N. resinovorum was 10.0-12.0 %; those for strain SM117
T were 8.9-42.6 %. Relatedness was calculated on the basis of four replicates (Supplementary Table S1 ). The DNA-DNA relatedness is therefore less than 70 %, the threshold value recommended by Wayne et al. (1987) , which further supports the proposal that strains SM16 T and SM117 T are members of novel species of the genus Novosphingobium.
Strains SM16
T and SM117 T were also found to have distinct phenotypic features, such as the ability to reduce nitrate and hydrolyse aesculin, catalase and oxidase activities and utilization of different substrates (Table 1 ). In conclusion, 16S rRNA gene sequence analysis, phenotypic features and chemotaxonomic data clearly indicate that strains SM16 T and SM117 T represent two novel species of the genus Novosphingobium, for which the names 
